INTRODUCTION {#s1}
============

Shoes provide protection from the environment and functional assistance, are fashionable, and enable adjustments for deformed feet and treatment for musculoskeletal injuries. Although the origin of shoe wearing by humans is not known, they have been worn for the convenience of walking and protection of the feet for long[@r1]^)^. The material and shape of shoes have evolved in modern times to suit the purpose of wearing shoes, but the main purpose of wearing shoes in the past was for protection[@r2]^)^. Shoes can be easily changed to alter the load of the human body, since the material, shape, and heel height affect mobility and stability[@r3]^)^.

Body movements, such as walking, are facilitated by the movement of the skeleton through muscle contraction, and the muscle activity can be analyzed using electromyography (EMG), which is a method of obtaining muscle information.

It is essential to functionally analyze EMG data during various activities to understand the effects of changes to muscle length[@r4]^)^. EMG examines biological electric activity around muscle contractions and muscle control actions. Functional analysis of EMG data demonstrates the relationships between movements and time about movement of the body, EMG and power production, and EMG and muscle fatigue[@r5]^)^.

A previous study analyzed static balance and muscle activity of the lower extremities in young adults depending on the period of high-heeled shoe wearing and reported that the rectus femoris (RF) and tibia anterior (TA) muscles did not appear to show significant differences[@r6]^)^. Another study related to kinetic differences between normal running shoes and spring-loaded running shoes reported that the RF activity on EMG was higher with the latter shoes[@r7]^)^. The effect of unstable sandals on instability during gait in healthy adults has been previously examined, and unstable shoes showed significant differences in the ankle joint and increased peroneal activity during pre-swing, while stable shoes increased medial gastrocnemius (GM) and decreased TA activities during mid-stance. The stable shoes changed gait and muscle activity related to braking and progression and a softer and less stable forefoot increased evertor action during toe-off in the frontal plane. These results indicated that the specific designs of shoes could affect stability[@r8]^)^.

Although the use of and aesthetic interest in the shoes of young women have increased in modern society, previous studies demonstrated that EMG activity and muscle fatigue are related to high-heeled shoes and functional running shoes. Thus, the purpose of this study was to analyze the effects of muscle activity on walking according to various shoes frequently worn by young women.

SUBJECTS AND METHODS {#s2}
====================

The 15 participants were students in their 20s at N University, Cheonan-si, Republic of Korea. They had not had any musculoskeletal or neurological injuries, an athletic career, or strengthen training experience in the last 6 months[@r9]^)^. They were provided detailed information on this study and voluntarily provided written informed consent before the experiment. This study was approved by the Institutional Review Board of Namseoul University.

A body composition analyzer (InBody720; Biospace O. Ltd., Seoul, Republic of Korea) was used to determine the general characteristics of the subjects. A treadmill (SNS care m-400m; SNS Care Co., Ltd., Goyang, Republic of Korea) was used for walking, and a Free EMG system (Free EMG; BTS Inc., Milan, Italy) was used to measure the muscle activity of the lower extremities while the subjects wore different types of shoes and walked on the treadmill.

The experimental design of this study is a repeated measures experiment. The participants were divided into three groups according to the types of shoes they wore: a Converse sneakers group, a rain boots group, and a combat boots group. Surface electrodes (3 M Red Dot 2570; 3 M Center, St. Paul Minnesota, USA) were cleaned using alcohol-soaked cotton to minimize errors due to skin impedance and used to measure EMG activity[@r10]^)^. They were attached to the muscles at maximal static contraction to avoid errors that could affect the results. Six muscles, namely, the RF, vastus medialis (VM), semimembranosus (SM), TA, peroneus longus (PL), and GM, were examined. The RF is halfway between the patella and iliac spine on the front of the femur[@r11]^)^. The VM is 50 degrees on the femoral longitudinal axis and 5 cm above the superomedial patella[@r12]^)^. The SM is 3 cm from the lateral border of the thigh and halfway along the distance from the gluteal fold to behind the knee[@r13]^)^. The TA is 33% between the tip of the fibula and medial malleolus. The PL is 25% between the fibula head and lateral malleolus[@r14]^)^. Finally, the GM is 35% medially from the distal midline of the knee joint and 2 cm above this joint. In all cases, the distance between the surface electrodes was 2 cm[@r11]^)^. All electrodes were attached by the same researchers. The root mean square of EMG data was determined during walking, and the maximal voluntary muscle contraction was used to eliminate data errors due to personal characteristics. The EMG signal was normalized, the sampling rate was 1,000 Hz, and the band-pass filter was 20--500 Hz. Muscle activity was measured during treadmill walking. The participants walked at a speed of 4 km/h[@r15]^)^ for 30 min and rested 24 h between wearing each shoe to avoid fatigue effects[@r16]^)^.

Statistical analysis was performed using SPSS version 18.0 for Windows (SPSS, Inc., Chicago, IL, USA). The general characteristics of the participants are given as mean and standard deviation. The Kolmogorov--Smirnov test was used to demonstrate normal distribution. The Levene F-test was used to verify homogeneity. One-way analysis of variance (ANOVA) was used to compare differences in muscle activity among shoe groups. If significant differences were found, the Scheffe test was used for post-hoc analysis. Statistical significance was set at α = 0.05.

RESULTS {#s3}
=======

The study participants were healthy women in their early 20s ([Table 1](#tbl_001){ref-type="table"}Table 1.General characteristics of the participantsSubjectsAge (years)Height (cm)Weight (kg)M ± SD20.5 ± 0.5159.0 ± 4.951.4 ± 7.2M ± SD: means ± standard deviation) and wore three types of shoes during the test: converse sneakers, rain boots, and combat boots ([Table 2](#tbl_002){ref-type="table"}Table 2.General characteristics of the shoesShoesWeight (kg)Shaft height (cm)Converse sneakers0.7117Rain boots0.8017Combat boots1.0017).

Differences in the interaction effect of group and time were not noted in the one-way ANOVA used to compare muscle activity among the three groups. The main effect of time did not differ significantly. However, the main effect of group showed significant differences for the VM ([Table 3](#tbl_003){ref-type="table"}Table 3.Comparison of pre- and post-test muscle electromyography signals according to the groups (mV)VariableGroupPre-testPost-testM ± SDM ± SDRFConverse sneakers14.5 ± 9.714.4 ± 7.9rain boots11.2 ± 4.116.9 ± 10.7combat boots12.1 ± 4.514.2 ± 13.1VM^\*^Converse sneakers^b^28.9 ± 12.332.4 ± 15.3rain boots^ac^42.3 ± 18.042.5 ± 21.5combat boots^b^50.2 ± 32.052.0 ± 24.0SMConverse sneakers213.8 ± 125.8220.7 ± 116.8rain boots169.0 ± 70.4224.4 ± 134.8combat boots197.7 ± 112.1215.4 ± 89.7TAConverse sneakers35.6 ± 12.333.0 ± 12.1rain boots38.4 ± 18.933.9 ± 11.2combat boots32.6 ± 16.331.8 ± 14.0PLConverse sneakers37.2 ± 12.432.1 ± 14.3rain boots36.2 ± 18.338.4 ± 17.7combat boots36.1 ± 15.236.5 ± 17.6GMConverse sneakers52.7 ± 26.849.8 ± 14.8rain boots43.3 ± 23.145.0 ± 22.4combat boots52.4 ± 29.348.8 ± 27.2\*p \< 0.05; ^abc^: significant differences between groups; ^a^: Converse sneakers; ^b^: rain boots; ^c^: combat boots; RF: rectus femoris, VM: vastus medialis; SM: semimembranosus; TA: tibialis anterior; PL: peroneus longus; GM: medial head of the gastrocnemius; M ± SD: mean ± standard deviation). Further, in the results of multiple comparisons of VM, the rain boots group showed significantly higher VM activity than the Converse sneakers group, and the combat boots group showed significantly higher VM activity than the rain boots group.

DISCUSSION {#s4}
==========

Shoes that do not fit the feet change the foot bones and hamper gait posture, in addition to causing various adverse conditions, including calluses, corns, neuroma, hallux valgus, toe deformities, ankle sprains, Achilles tendinitis, and knee and back pain. In modern society, women tend to disregard their own physical characteristics while choosing shoes[@r17]^)^.

The present study was conducted to analyze the muscle activity of the lower extremities depending on shoe type during walking among individuals in their 20s. The results showed significant differences in the interaction effects of group and time or the main effect of time. However, the main effect of group differed significantly for VM activity. VM activity differed significantly among the three groups: the activity in the rain boots group was significantly higher than that in the Converse sneakers group, and that in the combat boots group was significantly higher than the activity in the rain boots group.

A previous study found that the impulsive force increased rapidly at heel-strike, because it made an angle like an edge, and the knee joint was unable to extend adequately at heel-strike[@r7]^)^. Another study that analyzed the effect of shoe sole form on knee and ankle joint muscle activity reported that VM activity was higher with high-heeled shoes and house shoes than with shoes that had a curved outsole. Further, because high-heeled shoes elevate the anterior foot, the TA activity increased, GM activity decreased and led to increased knee extension at heel-strike, and VM activity increased[@r10]^)^. A previous study analyzed the effects of the form of the outsole on lower leg EMG signals during gait. When shoes with a curved outsole were used, the ankle joint showed increased dorsiflexion during heel-strike and the dorsiflexion state was maintained in the stance phase, while joint motion was decreased in the sagittal plane. The curved outsole reduced the load on the joint, as dorsiflexion agonist activity increased and dorsiflexion antagonist activity decreased. In addition, as ankle push-off and push-off movement were delayed, unnecessary movement was avoided and the center of gravity was maintained during gait. For these reasons, the VM activity was increased when shoes with a curved outsole were used as compared to other shoes, since muscle activity was balanced on a supporting base. Similar effects were noted with shoes that had an insole of the elevator shoe type[@r18]^)^. The VM activity emphasized the function of contracture related to the stability of the medial knee joint at the end of extension[@r19]^)^; when foot orthotic quadriceps and gluteus medius EMG signals were tested during a selected exercise, the VM activity was found to be higher in the three-orthotic condition (7° medial rearfoot post, 4° lateral rearfoot post, and neutral rearfoot post) than the no-orthotic condition. This was because excessive lateral tracking was prevented. Another study reported that the VM activity induced mechanical changes in the patellofemoral joint to facilitate the VM activity during an orthotic intervention[@r20]^)^. Further, the angle of the last rotation of tibialis anterior reportedly increases VM activity[@r21]^)^.

The results of the present study showed significant differences in VM activity depending on the shoe type: the rain boots group had significantly higher VM activity than the Converse sneakers group, and the combat boots group had significantly higher activity than the rain boots group. In the groups of increasing VM activity, knee extension increased because of gait to leaning the anterior part; further, the angle of tibial rotation and mechanics of the patellofemoral joint changed to prevent lateral tracking and improve medial stability with the increase in knee extension. VM activity was considered to increase for efficient walking, as this reduced the load on the joint, prevented unnecessary movements, and balanced the center of gravity and support base.

In conclusion, this study analyzed the effects of various shoe types during treadmill walking on lower extremity muscle activity determined using EMG in healthy young women. The results of one-way ANOVA that compared EMG signals among three shoe type groups showed no significant difference in the interaction effect of group and time. Further, the main effect of time showed no significant differences. Only the main effect of group showed significant differences for VM activity. The results of multiple comparison of VM activity showed significant differences: the rain boots group had significantly higher than the Converse sneakers group, and the combat boots group had significantly higher activity than the rain boots group. The VM activity was higher in the former two groups and enabled more effective walking and better balance, because shoe type affects tibial rotation depending on knee joint movement. Our findings may can promote further investigation of various shoe types.
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